By 2003, 97% of autologous transplants and 65% of allogeneic transplants in Europe used mobilized peripheral blood stem cells (PBSC). Soon after their introduction in the early 1990s, PBSC were associated with faster hemopoietic recovery, fewer transfusions and antibiotic usage and a shorter hospital stay. Furthermore, ease and convenience of PBSC collection made them more appealing than BM harvests. Improved survival has hitherto been demonstrated in patients with high risk AML and CML. However, the advantages of PBSC come at a price of a higher incidence of extensive chronic GVHD.

In order to be present in the blood, stem cells undergo the process of 'mobilization' from their bone marrow habitat. Mobilization and its reciprocal process -- homing -- are regulated by a complex network of molecules on the surface of stem cells and stromal cells and enzymes and cytokines released from granulocytes and osteoclasts. Knowledge of these mechanisms is beginning to be exploited for clinical purposes. In current practice, stem cells are mobilized by use of chemotherapy in conjunction with hemopoietic growth factors (HGF) or with HGF alone. Granulocyte colony stimulating factor has emerged as the single most important mobilizing agent, due to its efficacy and a relative paucity of serious side effects. Over a decade of use in healthy donors has resulted in vast experience of optimal dosing and administration and safety matters.

PBSC harvesting can be performed on a variety of cell separators. Apheresis procedures are nowadays routine, but it is important to be well versed with the possible complications in order to avoid harm to the patient or donor. To ensure efficient collection, harvesting must begin when sufficient stem cells have been mobilized. A rapid, reliable, standardized blood test is essential to decide when to begin harvesting; currently, blood CD34+ cell counting by flow cytometry fulfils these criteria. Blood CD34+ cell counts strongly correlate with the apheresis yields. These are, in turn, predictive of the speed of hemopoietic recovery after transplantation, which has helped establish the adequate cell dose for transplantation.

Following collection, PBSC may be transfused unmanipulated, processed to select specific cell subtypes or stored for future use. Cryopreservation techniques allow long-term storage of stem cells without significant loss of viability. Increasingly demanding calls for safety led to introduction of vapor phase storage, separate storage of infected material and mandatory quality control measures at all stages of the cryopreservation process and subsequent thawing and transfusion. At the same time, safety of the personnel working in stem cell processing and storage laboratories is safeguarded by a set of regulations devised to minimize the risk of infection, injury or hypoxia. Requirements for quality and safety have been shaped into a number of documents and directives in Europe and the United States, emphasizing the importance of product traceability, reporting of adverse reactions, quality management systems (standard operating procedures, guidelines, training records, reporting mechanisms and records), requirements for cell reception, quarantine, process control, validation and storage. Establishments that collect, process and store stem cells must be accredited or licensed by appropriate national or international authorities on a regular basis. These regulatory measures have recently become law across the European Union.

The use of mobilized blood cells for transplantation started in the 1980s and within 10-15 years resulted in an almost complete switch from bone marrow (BM) to peripheral blood as the preferred source of hemopoiesis-regenerating cells.\[[@ref1]\] From 1991 to 1997, the proportion of autologous peripheral blood stem cell transplants (PBSCT) increased from 15% to over 90%; in 2003, 97% of autologous transplants in Europe were derived from peripheral blood. First allogeneic PBSCT were reported in 1993; a decade later, they accounted for 65% of allogeneic transplants in Europe.\[[@ref2]\] What do peripheral blood stem cells owe this success to?

Firstly, hemopoietic recovery is faster with PBSC than with bone marrow cells. In a randomized study of autologous transplantation in Hodgkin\'s and non-Hodgkin lymphoma, Shmitz *et al*.\[[@ref3]\] showed a reduction in neutrophil recovery from 14 to 11 days and the reduction in time to a platelet count of 20 × 10^9^/L from 23 to 16 days. In the allogeneic PBSCT setting, Couban *et al*.\[[@ref4]\] found that the recovery of granulocytes and platelets was 4 and 6 days faster respectively than after BM transplants. PBSCT is also associated with a faster immune reconstitution, probably due to a large number of memory T cells in PBSC grafts.\[[@ref5]\] As a result of faster hematological recovery, PBSCT are associated with fewer transfusions and antibiotic usage and shorter hospital stay. These advantages and the absence of theatre charges offset the costs of PBSC mobilization and collection.\[[@ref6]\] In addition to being more economical, the ease of PBSC collection makes it much more convenient for the donor, a fact with doubtlessly positive impact on donor recruitment.

Notwithstanding the advantages, the effect of PBSCT on patient survival is less certain: superiority of PBSC has been convincingly demonstrated only in patients with high risk AML and CML.\[[@ref7]\] The incidence of acute graft *vs*. host disease (aGVHD) after PBSC and BM transplantation is comparable. However, the incidence of extensive chronic graft *vs*.host disease (cGVHD) is higher in PBSCT patients,\[[@ref8]\] with a relative risk of 1.66 (*P*= 0.001) found in a recent meta-analysis.\[[@ref9]\] The higher risk of chronic GVHD with PBSC may make them a less attractive option in children.\[[@ref10]\]

In order to be collected in sufficient numbers from the blood, stem cells have to undergo the process of 'mobilization' from their usual bone marrow habitat. Subsequent collection by apheresis is referred to as 'harvesting.' Depending on the circumstances, PBSC may be infused to the patient or stored until needed. All these processes have become subject to increasingly strict regulation intended to ensure that good manufacturing procedures are followed and that the end product is safe and reliable. In the following chapters, we will describe the processes involved in stem cell collection, processing and storage; address the issues relevant to patients and donors; and discuss the current regulatory measures.

Mobilization of Hemopoietic Stem Cells {#sec1-1}
======================================

Mechanisms of mobilization {#sec2-1}
--------------------------

HSCs circulate in the blood at very low levels; Richman *et al*.\[[@ref11]\] made the seminal observation of a large number of circulating hemopoietic progenitors following chemotherapy. Subsequently, a number of stimuli was found to induce mobilization and was used in clinical practice. However, mechanisms underlying HSC mobilization and homing have only recently begun to be unravelled. Papayannopoulou\[[@ref12]\] found that the VLA4 integrin, present on the surface of stem cells, plays a critical role: antibodies to VLA4 blocked the adhesion to its ligand on the stromal cell, VCAM-1 (CD106), causing HSC mobilization. Another 'retention signal' consists of binding of the stromal stem cell factor (SCF) to its receptor on the stem cells, c-kit (CD117). More recently, the stromal cell derived factor (SDF-1) and its receptor, CXCR4, emerged as the key regulators of stem cell homing and mobilization.\[[@ref13]\] In addition, degranulation of neutrophils and activation of osteoclasts release Interleukin-8 and proteases CD26, MMP-9, cathepsin G and elastase, which cleave critical bonds that keep HSC in contact with the microenvironment; however, transgenic mice deficient in MMP-9, elastase and cathepsin G and CD26 mobilize HSC normally in response to granulocyte colony stimulating factor (GCSF), questioning the major role of these enzymes in HSC egress.\[[@ref14]\] The apparent redundancy of HSC mobilization pathways may be explained by the recent findings suggestive of a 'flexible hierarchy' in which various pathways 'cooperate' so that in the steady state bone marrow cells, the action of VLA4/VCAM-1 predominates, whereas the SDF-1/CXCR4 pathway becomes dominant upon cytokine stimulation.\[[@ref15]\] Better understanding of mechanisms of mobilization has allowed the procurement of HSC for clinical purposes to involve specific targets. AMD3100, a CXCR4 antagonist, has been shown to be a potent HSC mobilizing agent and is currently undergoing clinical trials.\[[@ref16]\]

Why do PBSC grafts result in faster hemopoietic regeneration? Firstly, they contain more committed hemopoietic progenitors than the bone marrow. At King\'s College Hospital, the average yield of CD34+ cells in PBSC collections from GCSF-mobilized healthy donors is 6.98 × 10^6^/kg recipient weight (87% obtained by a single apheresis), compared with 2.56 × 10^6^/kg in bone marrow harvests obtained from a similar donor population. There are also significant biological differences between the CD34+ cells originating from the bone marrow and those mobilized and retrieved from the blood. Cell cycling and DNA synthesis activity are greater in the bone marrow cells; conversely, some differentiation-blocking factors and apoptosis-driving genes have higher expression in PBSC.\[[@ref17]\] How exactly these differences impact the speed of hemopoietic recovery is not presently known.

### Stem cell mobilization in clinical practice {#sec3-1}

Early mobilizing regimes consisted of cytotoxic agents, such as high dose cyclophosphamide (4-7 g/m^2^), on their own. Though effective, such regimes had significant toxicity and frequently required admission to hospital.\[[@ref18][@ref19]\] Introduction of the granulocyte colony stimulating factor (GCSF) and the Granulocyte-Macrophage colony stimulating factor (GM-CSF) into clinical practice in the late 1980s was followed by the discovery that these agents can -- a) augment the mobilizing effects of chemotherapy, b) act as mobilizing agents on their own. The efficacy of GCSF in HSC mobilization led to its use in healthy donors and paved the way for allogeneic PBSC transplantation.

The choice of a mobilizing regime depends on the clinical circumstances. If chemotherapy is required for disease control and an autologous PBSC transplant planned at a later stage, a number of chemotherapy regimes coupled with GCSF are adequate for both purposes. If PBSC collections are planned after several courses of intermediate-intensity cytotoxic therapy, which itself may not cause sufficient HSC mobilization (e.g., C-VAMP regime for multiple myeloma), it is preferable to use GCSF on its own, 3-4 weeks after completion of chemotherapy. Use of chemotherapy for HSC mobilization has the additional advantage of ' *in vivo* purging' of the graft. Addition of the anti-CD20 antibody Rituximab to standard mobilizing chemotherapy/HGF regimes resulted in significant B cell reduction in the graft, as assessed by PCR methodology.\[[@ref20]\] Some of the chemotherapy/HGF combinations suitable for HSC mobilization are shown in [Table 1](#T1){ref-type="table"}. One of them, CAIP ^a^, developed at King\'s College Hospital in London, is a potent salvage therapy for Hodgkin\'s disease and non-Hodgkin lymphoma and a powerful mobilizing regime.

###### 

Chemotherapy mobilisation regimens

![](AJTS-1-16-g001)

The dose of GCSF to use with chemotherapy for HSC mobilization is a matter of controversy. Demirer *et al*.\[[@ref21]\] collected more CD34+ cells following chemotherapy with 16 µg/kg GCSF rather than 8 µg/kg, but the clinical benefits appeared small. In routine practice, 5 µg/kg GCSF is used, often rounded to the nearest vial, starting 1-7 days after chemotherapy; higher doses may be preferred in anticipation of poor yields. The use of pegfilgrastim, a long-acting GCSF preparation, with chemotherapy has been reported to be more convenient yet adequate for HSC mobilization in patients with myeloma.\[[@ref22]\]

Ten to 15% of candidates for autologous transplantation fail to mobilize sufficient hemopoietic cells with standard mobilizing regimes and are referred to as 'poor mobilizers.' It is important to predict poor mobilization, in order to 1) avoid unnecessary procedures and 2) use potentially more effective mobilization regimes. Apart from having failed a recent mobilization procedure, poor mobilization may be predicted by using scoring systems based on history of chemotherapy and/or radiation exposure, age and platelet counts.\[[@ref23]--[@ref25]\] One such system,\[[@ref24]\] which assigns a score to each cytotoxic agent administered to the patient, has been independently validated.\[[@ref26]\] However, scoring systems based solely on the extent of previous treatment, apart from using arbitrary values, ignore the effects of drug dose and intensity an individual susceptibility to cytotoxic damage. An individualized method for prediction of poor mobilization is the 'GCSF test.'\[[@ref27]\] The method uses the CD34+ cell (or CFU-GM) response to a single dose of GCSF to predict the magnitude of mobilization in response to standard regimes \[[Figure 1](#F1){ref-type="fig"}\].
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Current options to mobilize 'poor mobilizers' include high-dose GCSF (\>16 µg/kg for 4-5 days, subcutaneously), after a 2-4 week 'holiday' to allow marrow recovery. Weaver *et al*.\[[@ref28]\] successfully mobilized 25 and 32% patients who had failed previous mobilization using GCSF 16-20 µg/kg or 30-32 µg/kg respectively. Alternatively, it is worth considering the addition of another HGF: both stem cell factor (SCF)\[[@ref29][@ref30]\] and GM-CSF\[[@ref31]\] augment the mobilizing effects of GCSF. Premedication with antihistaminics reduces the rate of allergic reactions to SCF, which is still unavailable in the UK, although it has been licensed elsewhere. Conceivably, the combination of GCSF and AMD3100\[[@ref32]\] will supersede other regimes. Preliminary data suggest that the two agents are also effective in poor mobilizers.\[[@ref33]\] Other strategies to procure critical CD34+ counts include bone marrow harvesting (with the proviso that poor HSC mobilization predicts a poor quality bone marrow harvest\[[@ref34]\]) and large volume leukapheresis.

### Stem cell mobilization in donors {#sec3-2}

Granulocyte colony stimulating factor has emerged as the gold standard of HSC mobilization, due to its efficacy and the dearth of serious side effects. Therapeutic dose range is wide and HSC mobilization activity is dose dependent.\[[@ref28][@ref35]\] The standard dose for mobilization is 10 µg/kg/day, given subcutaneously for 4-5 days. The target of 4 × 10^6^/kg CD34+ cells is achieved in 68-87% of healthy donors with a single apheresis, with less than 5% donors requiring more than two aphereses.\[[@ref36][@ref37]\] Using a higher dose, e.g., 16 µg/kg (2 × 8 µg/kg/day),or splitting the single daily dose into two, given 8-12 h apart, increases the CD34+ cell yield.\[[@ref38][@ref39]\] However, the cost-effectiveness of this approach in healthy subjects is questionable. When using a higher dose, e.g., 16-20 µg/kg, administration of the drug as two daily injections becomes necessary because of the volume of the drug injected.

Though 'weight for weight' comparison suggested that glycosylated GCSF is a better mobilizing agent than the nonglycosylated one,\[[@ref40]\] a comparison of bioequivalent doses of the two forms showed little difference.\[[@ref41]\]

Subcutaneous injection of GCSF is followed by a fall in leukocytes, with the peak of HSC mobilization occurring 3-6 h later. For this reason, it is advisable to delay apheresis until at least 2 h after the injection. For practical purposes, if the apheresis is planned for the morning, GCSF is usually given the previous evening. The long-acting, pegylated GCSF (Pegfilgrastim, AMGEN) administered as a single 12 mg dose has resulted in adequate CD34+ cell yields.\[[@ref42]\] If this approach becomes standard, timing of GCSF administration relative to the apheresis may cease to be important.

GCSF administration frequently causes bone and muscle pain, fatigue and headache, affecting 50-80% of users. These side effects ordinarily resolve shortly after the drug is stopped. In 1-3% of donors, severe side effects required discontinuation of treatment.\[[@ref43]\] Rare side effects reported included vascular incidents, anaphylaxis, and acute enlargement and even rupture of the spleen. Exacerbation of inflammatory conditions such as iritis or rheumatoid arthritis has also been reported.\[[@ref44]\]

About 1-5% of donors receiving standard 4-5 day GCSF regime develop significant leukocytosis (WBC \> 80 × 10^9^/L).\[[@ref42]\] In such cases, it is common practice to halve the next GCSF dose if subsequent harvests are required. Mild to moderate thrombocytopenia is common following apheresis, but it is occasionally caused by GCSF itself. One of us (AM) has witnessed severe acute thrombocytopenia (platelet count 8 × 10^9^sub/L) in a patient with a normal platelet count prior to mobilization with 10 µg/kg GCSF. Thrombocytopenia resolved after GCSF was stopped, but the patient received 2 units of platelets to cover apheresis procedures.

At the time of writing of this review (March 2006), three deaths had been reported after PBSC donation: one was due to a crisis precipitated by GCSF given to an asymptomatic woman with hemoglobin SC disease.\[[@ref45]\] The other two deaths were due to stroke and cardiac arrest. There has been one report of acute leukemia arising in a 61-year-old woman, 14 months after she donated PBSC for her brother.\[[@ref46]\] If this reflects the true incidence of leukemia after GCSF administration for HSC mobilization, it may not be higher than the risk of leukemia in random population.

The age of donors has also increased, following the increase in patients' age due to reduced-intensity transplantation. We have collected HSC from 15 donors over the age of 60 years (median 64 years, range 61-72 years), mobilized with GCSF 10 µg/kg prior to undergoing 1-2 PBSC harvests. No serious adverse events were encountered; however, the mean pre-apheresis platelet count was 227 ± 49 × 10^9^/L falling to the mean of 77 ± 26 after one apheresis. In 3/11 donors the platelet count fell \< 50 × 10^9^/L after one apheresis. Four donors had a second procedure, and all had platelet counts below 50 × 10^9^/L immediately afterwards. HSC mobilization and collection is feasible in elderly donors, but caution is required due to comorbid conditions, medication and risk of thrombocytopenia.

When to Harvest and how much is Required? {#sec1-2}
=========================================

In order to ensure efficient HSC collection, it is important to begin harvesting when sufficient HSC have been mobilized. This is less of a problem in healthy donors, where HSC mobilization is by and large adequate, if of variable magnitude or when using regimes with predictable HSC mobilization kinetics. For example, with GCSF mobilization, peak CD34+ cell counts occur on days 5 or 6 (day 1 being the day of the first injection) and decline rapidly thereafter. Mobilization kinetics is less predictable if chemotherapy is used to mobilize HSC in previously treated patients. In this situation, a rapid and reliable blood test is required to decide whether to begin or defer harvesting. In the early days of PBSC transplantation, the rise of WBC from their postchemotherapy nadir to 5-10 × 10^9^/L heralded HSC mobilization. Some centers, including ours, used automated counter parameters, such as the Sysmex SE9500 counter HPC\[[@ref47]\] or 'immature myeloid precursors,' as convenient and reasonably accurate surrogate marker of HSC mobilization. Nevertheless, standardized blood CD34+ cell counting by flow cytometry superseded these and other methods, providing a rapid (about 1 h) estimate of HSC mobilization. Mohle *et al*.\[[@ref48]\] found a strong linear correlation between the blood CD34+ cell count and the yield of CD34+ cells in the apheresis product. Moreover, they showed that 1 × 10^6^/kg CD34+ cells were collected in less than 5% harvests done with the blood CD34+ cells of \< 10 µL. Conversely, if blood CD34+ cell count was 30-100/µL, collection of 2.5 × 10^6^/kg CD34+ cells by apheresis was achievable in a single procedure. For patient with 10-20 CD34+ cells /mL blood, large volume leukapheresis may help reduce the number of days of harvesting to a minimum \[[Figure 2](#F2){ref-type="fig"}\].
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Numerous studies have demonstrated the dependence of hematological regeneration after PBSCT on the cell dose infused. To achieve adequate neutrophil and platelet counts within 10-14 days after autologous PBSCT, at least 2 × 10^6^/kg CD34+ cells are required -- preferably 5 ´ 10^6^/kg as this dose permits prompt engraftment.\[[@ref19][@ref23]\] The minimal safe dose is 1 × 10^6^/kg CD34+ cells. However, up to 50% of patients receiving this dose have delayed platelet recovery. In recipients of allogeneic transplant, Singhal *et al*.\[[@ref49]\] reported higher transplant-related mortality in patients who had less than 2 ´ 10^6^/kg CD34+ cells infused. Zaucha *et al*.\[[@ref50]\] found a weak correlation between CD34+ cell dose and neutrophil and platelet recovery in sibling transplants but warned that doses above 8 ´ 10^6^/kg CD34+ cells may be associated with a higher incidence of cGVHD (hazard ratio = 2.3, 95% CI 1.4--3.7, *P*= 0.001). Higher CD34+ cell dose is required when transplantation is performed across the HLA barrier, e.g., in haploidentical transplants.

Hemopoietic Stem Cell Harvesting {#sec1-3}
================================

The procedure to be used in patients/donors undergoing HSC mobilization and apheresis should be prescribed by the physician in charge. The prescription must specify the type of venous access, choice of anticoagulant, the target cell dose, changes in concomitant medication and transfusion requirements before or after apheresis. When the blood CD34+ cell count becomes available, even if the apheresis procedure has commenced, the endpoints (time or total blood volume processed) may be adjusted to meet individual requirements.

Efficient separation of mononuclear cells, the fraction that contains hemopoietic stem cells and progenitors, is possible with all currently available cell separators. Continuous flow devices are more efficient than the discontinuous-flow ones. Among the former, there are small and generally clinically insignificant differences in CD34+ cell collection efficiency,\[[@ref51][@ref52]\] but the differences in product volume, platelet count or hematocrit or procedure time may be relevant in particular settings. Similarly, logistical differences, e.g., in anticoagulant-to-blood ratio, may be important when processing large volumes of blood. Performance may vary if different software is used with the same device; for example, the version 6 program on COBE Spectra has a smaller product volume and lower platelet contamination than version 4.7, which makes it more suitable for collections in donors or in thrombocytopenic patients.\[[@ref53]\]

Whereas processing 2-2.5 total blood volume (TBV) generally yields sufficient CD34+ cell counts for an uneventful transplant, in some circumstances it is desirable to process more than 3 TBV. This 'large volume leukapheresis' (LVL) takes advantage of the fact that the blood CD34+ cell yields and their collection efficiencies remain fairly constant over the 6 TBV processed.\[[@ref54]\] This implies that CD34+ cells must be recruited into the blood during the procedure, but the exact mechanisms of this recruitment have not been elucidated.\[[@ref55]\] Bolan *et al*.\[[@ref56]\] evaluated CD34 cell kinetics, yields and donor experiences during a single LVL, compared to two consecutive standard apheresis procedures. Though total CD34+ cell yields were similar, LVL donors spent less time in the clinic and with the venous catheter in place; in addition, LVL resulted in higher end-procedure platelet counts than two consecutive standard procedures.

PBSC apheresis is usually associated with few procedure-related adverse events, with the notable exception of citrate toxicity, which occurs in 45% of patients, manifesting itself initially as tingling and numbness of lips and fingers and progressing occasionally to nausea, muscle cramps, seizures and tetany. The first measure to alleviate the symptoms is to reduce the blood flow, allowing less citrate into the system, or stop the procedure for a while. Chewable calcium tablets are often useful and intravenous calcium is seldom needed. However, when larger blood volumes are processed using faster blood flows, heparin may be substituted for citrate, with extra citrate added into the collection bag to prevent clotting and platelet clumping.

Hypotension is a relatively uncommon side effect, but caution should be exerted in patients taking beta adrenergic blockers and angiotensin-convertase inhibitors. It is advisable to omit the dose of these drugs in the hours preceding apheresis.

Thrombocytopenia was reported in 22% of healthy donors who had two apheresis procedures.\[[@ref57]\] If a patient has a platelet count of \< 30 × 10^9^/L prior to PBSC harvest, we transfuse a unit of platelets and check the platelet count again after procedure. For obvious reasons, use of aspirin is discouraged. For the safety of the donors who fly from far away to donate, it is advisable not to plan the return flight on the first post-apheresis day.

Venous access is of paramount importance in PBSC harvesting. PBSC donors rarely require a venous line, but many patients may do so. Tunneled double- or triple-lumen lines are generally not suitable for apheresis, due to narrow lumen and walls that collapse on suction; specially designed catheters may be necessary to use. Most serious adverse events during apheresis are related to the use of venous catheters. This includes thrombosis, infection, bleeding or pneumothorax.\[[@ref57]\] The latter complication is eliminated if temporary femoral catheters are used.

Cell Processing {#sec1-4}
===============

In addition to hemopoietic repopulating cells, PBSC collections contain lymphocytes, monocytes and a small percentage of granulocytes and myeloid precursors. The red cell content is generally under 10 ml per collection and the product volume is 70-250 ml. Therefore, PBSC are an already processed product, ready to transfuse or process for freezing. However, they can also be a starting material for further manipulation with the aim to enrich, expand or remove a particular subpopulation of cells.

 {#sec2-2}

### Cell processing in autologous transplants {#sec3-3}

Among strategies that have been used to improve outcomes after autologous hemopoietic cell transplantation, removal of tumor cells ('purging') has been extensively studied. Gene marking experiments have demonstrated that the disease relapse can originate from the residual tumor cells in the graft,\[[@ref58]\] providing scientific basis for purging. *Negative selection* strategies, designed to remove tumor cells from the graft, sparing hemopoietic stem cells, use monoclonal antibodies coupled with magnetic beads, toxins or complement or pharmacological agents.\[[@ref59]\] *Positive selection* utilizes immunomagnetic beads coupled with antibodies to achieve CD34+ cell purification with simultaneous removal of non-CD34+ cells, including residual tumor cells and lymphocytes. Current methods of CD34+ cell enrichment achieve a mean product purity of 98-99% with a consequent 3-5 log tumor cell and lymphocyte reduction. However, CD34+ cell recovery is about 50-60%, which necessitates high starting cell counts in order to have sufficient CD34+ cells for a safe transplant. With comparable cell counts, time to hemopoietic recovery after autologous transplantation with purified CD34+ cells is not different to that after unmanipulated PBSC,\[[@ref60]\] but lymphoid reconstitution may be delayed.

Evidence for a clinical benefit of using purging methods in autologous transplantation is not yet compelling. Gribben *et al*.\[[@ref61]\] reported that successful B-cell purging translated into prolonged survival in follicular lymphoma. However, a randomized study in multiple myeloma\[[@ref62]\] showed comparable disease-free and overall survival in recipients of CD34+ cell purified and unselected HSC.

### Allogeneic transplantation {#sec3-4}

As the concept of graft-versus-tumor (GVT) effect crystallized as the principal beneficial effect of allogeneic transplantation, attempts were increased to segregate GVT from the graft-versus-host disease. A major question is whether the cells responsible for the GVT are the same T lymphocytes and/or NK cells that are responsible for the GVHD. Depletion of CD8+ lymphocytes from donor lymphocytes resulted in abrogating GVHD effect without compromising the disease response, suggesting that these two effects can be separated.\[[@ref63]\]

More recently, the role of regulatory T cells in tolerance induction has been acknowledged. Methods for isolation of CD4+ CD25high T cells are developed for use to protect from GVHD after allogeneic transplantation.\[[@ref64]\]

Lack of definitive methods for selective removal of the cells responsible for the GVHD effect and the association of global T cell depletion with increased risk of relapse have diminished the enthusiasm for cell selection in allogeneic transplantation. Exceptions are situations where the risk of GVHD is exceptionally high, such as transplantation from haploidentical donors. The CD34+ cell selection of three to four PBSC harvests, followed by a second method of T cell depletion, yields a graft that contains minimal T cell count but sufficient CD34 cells for uneventful hemopoietic regeneration. Encouraging clinical results have been reported in resistant and refractory acute leukemia.\[[@ref65]\] It has been postulated that the GVT effect is provided by the donor NK cells not inhibited by the HLA class I molecules of the recipient. Early reports have been published of purified NK-cell infusions given to consolidate engraftment after haploidentical stem cell transplantation.\[[@ref66]\]

Conclusions {#sec1-5}
===========

Mobilized peripheral blood swiftly became the preferred source of hemopoietic stem cells for transplantation. Future challenges will include targeting molecules crucial for stem cell-stromal contact and stem cell retention; more successful mobilization of 'poor mobilizers'; and even more efficient stem cell collection in healthy subjects. Whereas the use of CD34+ cell selection has a limited role in clinical practice, it may become a necessary step for subsequent cell expansion; lymphocyte subsets separated from the blood are already being subjected to trials in the allogeneic transplant setting, with the hope to achieve graft-versus-tumor effect without a graft-versus-host disease.

We are witnessing a proliferation of safety and quality control regulations which puts an onerous task on the transplant establishments, but it is expected to guarantee the safety of the process and be of benefit to the patients.
